The present experimental study was carried out to examine the effects of the alcoholic extract of the aerial parts of Echinophora platyloba on prolactin (PRL) levels and the activity of pituitary-gonadal axis in animal model. Forthy male wistar rats were divided into five groups: control group with normal diet, hypercholesterolemic group with fat diet, and three experimental groups which received Echinophora platyloba alcoholic extract as gavage at the minimum dose of 100, the average dose of 200, and the maximum dose of 400 mg/kgbw over a period of 21 days. At the end of the period, to assess the levels of PRL, cholesterol, testosterone, luteinizing hormone (LH) and follicle stimulating hormone (FSH), blood samples were taken and data were analyzed. The levels of testosterone and cholesterol in hypercholesterolemic group compared to the control, showed a significant decrease and increase, respectively (P≤0.05). Echinophora platyloba extract caused significant increases in testosterone, PRL and a significant decrease in cholesterol levels (P≤0.05), however, it had no significant effect on the levels of LH and FSH. The results of this study showed that the consumption of alcoholic extract of Echinophora platyloba is effective in reducing serum cholesterol, increasing testosterone production and enhancing sexual performance.
INTRODUCTION
The impact of obesity on fertility has long been known. , when investigating the causes of infertility, emphasized on its role. The famous Iranian physician, Rhazes (854-932A.D) in his book Al-Hawi, recommended diet and exercise to obese people for their problem of infertility (Tsoucalas et al., 2014; Ramezani et al., 2013) . Today, about 10 to 15 percent of couples worldwide are infertile. In developing countries one out of four couples are infertile and in Iran there are about 3 million infertile couples (Bokaie et al., 2012) . Presently, obesity has become epidemic and is growing quickly in all developing countries and a lot of researches have been carried out to determine the relationship between hormones, cholesterol and reproductive activities. Prolactin is introduced as a potential factor for diabetes and hyperlipidemia (Klenov, Jungheim, 2014; Ramezani Tehrani, 2012) . In obese men, the levels of testosterone, sex hormone-binding globulin (SHBG) and sometimes the plasma free testosterone are reported to be lower than in normal people (Binder et al., 2015) . Male infertility has many causes and in most cases, the medication therapy is carried out, without necessarily identifying the cause of infertility (Jungwirth et al., 2012) . Nowadays, however, due to the adverse effects and the side effects of chemical drugs, traditional medicine, especially the use of herbal medicine has become so trendy (Ekor, 2014) . In recent years many studies have been carried out to learn about the effects of different plants on the fertility of laboratory animals and the results have been so promising (Hatami and Estakhr, 2013) . In this study, too, the effects of Echinophora platyloba on reproductive activity was examined.
Echinophora is among the flora of Iran, which includes species like E. cinerea, E. platyloba, E. orientalis, E. sibthorpina. This plant belongs to the family of Apiaceae with the local names of tigh tooragh, koshandar, khosharizeh (Entezari et al., 2014; Avijgan et al., 2010) .
Among the main constituents of this plant one can refer to myrcene, ocimene, monoterpenes, saponins, flavonoids and alkaloids (Delaram, Haeri, 2011) . People add its aerial parts to cheese and yogurt as fragrant. The extract of this plant has antioxidant, anti-fungal and anti-bacterial and anti-spasmodic effects; it is also used for the treatment of menstrual disorders (Delaram Haeri, 2011; Aqababa et al., 2016) . Flavonoids are among the main components of the plant, which have direct effects on the pituitary gland leading to increased secretion of luteinizing hormone (LH), followed by increased secretion of progesterone in women (Shobeiri et al., 2012) .
So far no study has been carried out to examine the effect of the plant on the male reproduction system. However, as it has been effective on the levels of LH and steroid hormones in women, it seems that the extract of this plant may be effective on the pituitary-gonadal axis, as well. The main objective of this experimental study was to investigate the effects of the alcoholic extract of the aerial parts Echinophora platyloba on prolactin (PRL) levels and the activity of pituitary-gonadal axis (HPG) in Wistar adult male rats.
MATERIALS AND METHODS

Animals
This was an experimental study on male Wistar rats. During the entire process, the ethical codes for using laboratory animals in accordance with "principles of laboratory animal care" (NIH publication no. 85-23, revised 1985) were fully observed. The animals were taken from Shiraz branch of Razi vaccine and serum research institute and were studied at Abade PNU (Fars/ Iran).The animals were housed under standard laboratory conditions and 12 hours light / dark cycles at the temperature of 22-26°C and were randomly divided into 5 groups of 8 (n=8) as follows: The control group which did not receive any drug or solvent during the experiment and were treated with normal diet; the hypercholesterolemic group that daily received 0.2 ml of solvent (saline) as gavage during the experimental period; the experimental groups with hypercholesterolemic rats receiving daily the alcoholic extract of Echinophora platyloba by gavage at a dose of 100 (minimum dose);the hypercholesterolemic rats which received daily the alcoholic extract of Echinophora platyloba as gavage at a dose of 200 (average dose); and the hypercholesterolemia rats which daily received the alcoholic extract of Echinophora platyloba at a dose of 400 mg / kg bw (maximum dose) (Heidarian et al,2014) .
The experimental period was 21 days during which the prescribed extracts and solvent were gavaged at 9 am .All groups including the control group were treated with high-cholesterol food. At the end of the period, by a mild anesthesia with ether, blood samples were taken from the heart, and after centrifugation at 3,000 rpm, the serums were separated and sent to the lab in order to measure their plasma biochemical factors.
The protocol for the preparation of a 2% cholesterol diet
To prepare a high-fat meal, cholic acid 5% (Merck, 3671), cholesterol 2% (Merck, 3672), and olive oil 5% were used, respectively, in such a way that after heating 5 grams of olive oil up to 70°C, 2 grams of cholesterol and 0.5 gram of colic acid would be dissolved in it.
The resulting solution was poured on 92.5 grams of dry food and then they were mixed. The resulting mixture covered the entire surface of the plates as a white gel. To prevent deterioration, the food was kept at 4°C in the fridge for only two days (Hatami and Estakhr, 2013; Khosravizad et al., 2016) .
Extraction protocol
First the plant was compared with the herbarium code of 004-046-091and confirmed by the botanical department of Abade Payame Noor University (PNU). For the preparation of the alcoholic extract, first in spring Echinophora-platyloba aerial parts were collected from Bavanat district of Fasa/Iran. The impurities were removed and the remaining were washed and dried in shade. Then 700 grams of the plant was ground and mixed with ethanol 90% at a ratio of 1 to 5. After stirring for 24 hours, the resulting extract was filtered.
The remainder was again mixed with ethyl alcohol 70% and was placed on the stirring device for another 24 hours; afterwards, it was filtered and added to the first extract. Then the extract was placed in the vacuum distillation unit at the temperature of 60°C until the residual volume was one-fifth of the initial one. In this case, the extract tank was separated from the machine and the remainder was cooled for three times and each time was decanted with 50cc of chloroform; then the volume obtained was poured in Petri and dried in the oven at 50°C . Finally, by adding normal saline to the obtained extract (about 11 g for 100 g of the crushed plant) different required concentrations were made in milligrams per kg . (Zarei et al., 2015; Zarei, Vaezi, 2015) .
The method of measuring the biochemical parameters
Serum cholesterol levels were determined by using the kit from Darman Kav Co. (Iran) by means of colorimetry. To assess the levels of PRL, cholesterol, testosterone, LH and follicle stimulating hormone (FSH) the radioimmunoassay method (RIA) was used, together with a Pars Azmoon kit and RIA 1000 machine made in America (Zarei et al., 2014) .
Statistical analysis
The means obtained (Mean ± SEM) were statistically evaluated by using one way ANOVAs and Tukey and Duncan Tests. All statistical analysis was performed using SPSS software, version 23 (P ≤0.05).
RESULTS
A summary of the findings is shown in table 1-4. The level of cholesterol in the control group showed a significant increase compared to the hypercholesterolemic group. Its level in all experimental groups receiving the extract showed a significant decrease compared to the control group. In addition, cholesterol levels in experimental groups receiving the minimum dose (100 mg/ kg bw) and maximum dose (400 mg / kg bw) of the extract showed a significant decrease in comparison to the rats receiving the average dose of the extract (200 mg / kg bw), (P ≤0.050), (Table 1) .
The changes in FSH levels in all three experimental groups receiving the extract were not significant, either (P ≤0.05). Also, in none of the groups receiving the extract, LH levels showed significant changes in comparison to the control group; but LH level in the group receiving the maximum dose compared to the group receiving the minimum dose showed a significant increase (P ≤0.050). The testosterone levels in the experimental group receiving the highest dose of the extract showed a significant increase in comparison to those in the rats receiving the minimum and average doses of it (P≤0.05). Prolactin levels in the group receiving the maximum dose of the extract showed a significant increase compared to the control group (Table 1) .
DISCUSSION
The results of this study showed that testosterone levels in the hypercholesterolemic group decreased compared to the control group and also, the testosterone and PRL levels in the group receiving the maximum dose of Echinophora platyloba extract (400 mg/kg bw) increased compared to the control group. LH and FSH levels in the experimental groups receiving the extract did not show significant changes compared to control and hypercholesterolemic groups. The level of cholesterol in the control group increased compared to the hypercholesterolemic group but it decreased in the experimental groups receiving the extract (100 and 400 mg/kg bw) compared to the control group. Given that the control group received a diet containing cholesterol, the increased level of cholesterol in this group seems to be reasonable. But, as stated before, in the hypercholesterolemic experimental groups receiving the extract the cholesterol levels decreased. Studies done by Khosravi zad et al. (2015) and Aghabab et al. (2015) on the hypolipidemic property of the extract also showed that the extract of this plant reduced blood lipid profiles (Aqababa et al., 2016; Khosravizad,2016) .
The results of this study are consistent with the above mentioned studies. The importance of the phytochemical effects of medicinal herbs on weight loss and obesity has been known for many years. Saponins, flavonoids, alkaloids, coumarin and terpenes are some of these compounds which are also present in Echinophora platyloba. In addition to its anti-tumor properties, saponin has cholesterol-lowering effects (Singh S, Kanwar, 2013) . Alkaloids also act as cholesterol synthesis inhibitors (ChangiziAshtiyani, 2013). So, it seems reasonable if cholesterol level decreases by receiving Echinophora platyloba extract. Hyperlipidemia and obesity, particularly upper body fat, cause many hormonal changes in the body including: increased serum androgen levels in women and its decreased levels in men, increased cortisol and insulin and decreased serum levels of growth hormone (Binder,2015) . As was observed in this study, in the hypercholesterolemic group testosterone levels decreased that is consistent with the results of the above studies. Moreover, the previous studies on Echinophora platyloba showed that this extract could help reduce weight (Aqababa et al., 2016) . Although, there are contradictory results in some studies concerning the blood fat level and the level of sex hormones, most studies confirm that there is a reasonable relation between testosterone levels and the measured fat (Binder et al., 2015) .
Studies done by Delaram et al. (2010) on the effect of Echinophora platyloba on symptoms of premenstrual syndrome, sex hormone changes and gonadotropin hormones showed that the extract of the plant increased the secretion of LH, followed by an increase in the secretion of progesterone, that probably occurred due to the presence of flavonoids which ,in its turn, by acting on the pituitary gland caused an increase in LH and subsequently an increase in progesterone levels (Delaram, Haeri, 2011 , Delaram, Sadeghiyan,2010 . In the present study, which was conducted on male rats, in the groups receiving the extract, the increase in the level of LH was not significant compared to that in the control group, but the amount of testosterone in the group receiving the extract showed a significant increase. Cholesterol (mg/dl) *: significant changes in the control group compared to the hypercholesterolemic group. †: significant changes in the experimental group compared to the control group. α: significant changes between the experimental groups ( the average and the minimum). β: significant changes between the experimental groups (the maximum and the average). €: significant changes between the experimental groups (minimum and maximum).
The fact that no significant increase in the levels of FSH and LH were seen in experimental groups receiving the extract might be due to the increased levels of testosterone and PRL since the increased testosterone level exerted a negative feedback on LH; moreover, PRL can inhibit the FSH secretion. It's a fact which is clearly recognized even in breast-feeding women who have high levels of PRL. Prolactin prevents the follicle growth by inhibiting FSH and eventually ovarian follicle development during lactation (Allahtavakoli et al., 2015) .
The results of the present study also revealed that this plant extract increased PRL level. Ramezani and colleagues (2013) also showed that obesity was associated with lower levels of sex hormone-binding globulin (SHBG).
They found that in patients with metabolic syndrome the levels of androgens were high and SHBG level was low. The researchers also showed that there was an inverse relationship between serum PRL and waist, while Cook reported the increased PRL secretion in obese patients (Cook, 2005) . In this study, the PRL level in hypercholesterolemic group showed no significant changes in comparison to the control group. So, there are conflicting studies about the relationship between PRL levels and obesity (Ramezani Tehrani etal., 2012) .
An inverse correlation between leptin and serum testosterone levels has been observed (Luukkaa et al ,1998) . Leptin is a peptide that is secreted from adipose tissue which acts through reducing food intake and increasing metabolism as signals to maintain energy balance in the body and its secretion is inhibited by testosterone. On the other hand, leptin's effect on its receptor in Leydig cells of the testes can regulate testosterone production. Obesity, testosterone and leptin in men seem to be closely related and this relationship may be exerted by one of the following mechanisms:
A-Obesity may reduce testosterone levels and thus eliminate its inhibitory effect on leptin and subsequently increase leptin serum. B-Obesity may be associated with increased leptin, and its inhibitory effect on testosterone levels may reduce testosterone. C-Low levels of testosterone and high levels of leptin may occur after obesity independent of each other. D-Low testosterone production may lead to obesity and subsequent increase in leptin. In men, high levels of leptin and lower levels of serum testosterone and SHBG are associated with body weight; moreover, high concentration of leptin and low concentration of testosterone independent of body mass index (BMI) are associated with each other. The inverse association between leptin and serum testosterone possibly has a role in reducing serum testosterone levels in obese individuals (Binder et al. 2015 , Ceschia et al., 2007 . As stated, the plant extract reduces blood fat levels. Also, by reducing leptin and removing its inhibitory effect on testosterone, it increases the level of testosterone.
The study by Aqababa et al. (2015) on the effect of Echinophora platyloba showed that the extract of this plant in maximum dose had a hepatoprotective effect, as well as reducing liver enzymes and elevating the levels of total protein and albumin in hypercholesterolemic rats. The results also showed that testosterone levels also increased in the group receiving the extract of this plant which was probably due to the effect of this plant on SHBG which helped the transmission of the steroid hormones (Aqababa et al., 2016) .
The positive effect of the medicinal plants with warm nature used in traditional medicine, such as fennel, dill, cumin, nettle, and fenugreek, on the secretion of PRL and milk has been confirmed. Phenolic compounds are among the main ingredients prescribed even in oral drops to increase milk production. Due to the warm nature of the plant and having abundant phenolic compounds that can increase the secretion of PRL, possibly this plant has the potential to increase milk production (Avijgan et al., 2010; Khazaei et al., 2011) .
Studies done by Khosravi Zad and colleagues (2015) showed that the extracts of the plant increased the secretion of FSH. This is likely done after the increase of the secretion of thyrotropin releasing hormone (TRH) from the hypothalamus (Khosravizad et al., 2016) . Prolactin secretion is controlled by a PRL inhibitory factor with hypothalamic origin. The hypothalamus also produces a PRL -releasing hormone (PRLH), which stimulates the secretion of PRL (Allahtavakoli et al., 2015) .
CONCLUSION
Regarding the results of this study and others on the extract of Echinophora platyloba, it appears that the use of this plant extract is effective on reducing blood lipids, increasing the secretion of testosterone and strengthening sexual activity because of its antioxidants and lipid-lowering compounds, such as alkaloids and flavonoids. The effects of this herb on improving sexual activity, in addition to the possible effects of the extract on the secretion of sex hormones, are possibly exerted through reducing lipid profiles, and also a weight loss mechanism.
